Energy systems support technical solutions fulfilling the United Nations' Sustainable Development 1 Goal for clean water and sanitation (SDG6), with implications for future energy demands and greenhouse 2 gas emissions. The energy sector is also a large consumer of water, making water efficiency targets in- costs by up to 8 %. In the reverse direction, when the SDG6 targets are added on top of the 1.5
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• C policy 10 constraint, the cost to transform and operate energy systems increases 2 to 9 % relative to a baseline Introduction 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 It is important to emphasize the parameterized constraints represent our interpretation of the SDG6 96 targets, and that the interpretaton could be implemented differently by other analysts. Representing the 97 diversity of possible outcomes remains a common challenge for global IAMs, and future research might 
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Wastewater recycling is prioritized over seawater desalination to reflect additional environmental chal-131 lenges typically associated with desalination (e.g., brine production, marine thermal pollution, etc. 20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 paper. We alternatively applied a stylized approach to include expected conservation costs and impacts 
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These savings could improve environmental flows while reducing water pollution.
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• C emissions constraint. SDG6-1.5C-E represents the scenario combining the SDG6-Efficiency policies with the 1.5
• C emissions constraint. The presented indicators are computed as annual averages over the 2020 and 2030 model decision-making periods. Africa+ includes the countries within Sub-Saharan Africa, the Middle East and North Africa. OECD+ includes countries in North America and Western Europe, as well as countries in Eastern Europe and including Russia. LAM includes countries in Latin America. A full list of the countries considered in each region is provided in the Supplementary Information (Table S1 ). advanced water treatment, which are helping to reduce projected withdrawals from rivers and aquifers in water stressed regions. Incremental energy investment needs to achieve 1.5
Analysis of the investment portfolios (expenditures on new infrastructure capacity) by 2030 indicates
• C exceed water investment 236 needs for the SDG6 targets in each of the aggregated macro-regions, but these trends may differ when 237 assessed at higher spatial resolutions.
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A comprehensive analysis of the energy investments to achieve the Paris Agreement and associated 
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Despite limited impacts to water sector investments, the increasing energy supply costs under a 1.5
254
• C policy are translated to water infrastructure systems according to their energy consumption intensity,
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Discussion

265
The results demonstrate that balancing trade-offs between climate change mitigation and clean water 266 policies requires a global shift in investment and operational decision-making across sectors that is best 267 delivered through targeted policies developed from an integrated water-energy perspective. We find that 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 for climate change mitigation to impact water-related costs due to a limited range of energy-intensive 280 freshwater supply options. Major cost uncertainties relate to the scale of future water demand growth 281 in water stressed regions and how re-allocation across sectors can address supply expansion. We find 282 that a transition to achievable water consumption intensities combined with re-allocation of water across 283 sectors (e.g., from irrigation to urban areas) can largely offset trade-offs between the investigated SDG6 284 targets and climate policy objectives.
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Finding and improving synergies between decarbonization and water efficiency is therefore paramount 286 for minimizing joint policy implementation costs and uncertainties. For example, many processes within 287 the water sector are candidates for recruitment in electricity sector demand response programs or for inte-288 gration with combined heat and power management [56, 57] . Leveraging these integrated solutions will 289 be important for increasing efficiency and the penetration of renewable generation sources. Moreover,
290
continuing innovation with emerging wastewater treatment processes could lead to significant reductions 291 in energy intensity [58] . In the near term, water and energy resource planners should promote integrated 292 valuation of efficiency measures and supply-side projects to ensure system development aligns with sus-293 tainability goals [48] .
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The analysis did not consider impacts of interbasin transfers, future flood management, transboundary 295 agreements, fertilizer application or livestock waste management practices in response to water targets, 296 which would present further constraints to the development pathways. More spatial detail is also needed 297 to unravel within-basin impacts of upstream conservation on downstream water availability. Finally the 298 analysis in this paper does not cast a wide enough net to capture the expected benefits of climate change 299 mitigation in terms of the avoided impacts on water resources and consequently the performance of energy 300 technologies that rely on water availability. Significant geographic diversity is anticipated, and impacts 301 may be partially mitigated when aggregated across regions and globally [59, 60] . Nonetheless, avoiding 302 adaptation costs in the 1.5
• C scenarios is expected to improve synergies with the SDG6 targets in many 303 regions.
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Despite these limitations, to our knowledge, this paper is the first to provide harmonized global path-
305
ways for water and energy infrastructure that align with elements of SDG6 and a 1.5
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